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Working memory (WM) skills of individuals with Down’s syndrome (DS) tend to be
very poor compared to typically developing children of similar mental age. In particular,
research has found that in individuals with DS visuo-spatial WM is better preserved than
verbal WM. This study investigated whether it is possible to train short-term memory
(STM) and WM abilities in individuals with DS. The cases of two teenage children are
reported: EH, 17 years and 3 months, and AS, 15 years and 11 months. A school-based
treatment targeting visuo-spatial WM was given to EH and AS for six weeks. Both prior
to and after the treatment, they completed a set of assessments to measure WM abilities
and their performance was compared with younger typically developing non-verbal
mental age controls. The results showed that the trained participants improved their
performance in some of the trained and non-trained WM tasks proposed, especially with
regard to the tasks assessing visuo-spatial WM abilities. These findings are discussed
on the basis of their theoretical, educational, and clinical implications.
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Introduction
Down syndrome (DS) is a pervasive developmental disorder caused by abnormalities of
chromosome 21. It is one of the most common causes of intellectual disability (ID), aﬀecting
about 1 in 700/1000 live births (Steele, 1996; Sherman et al., 2007; Parker et al., 2010). IQ generally
ranges between 25 and 70 and the cognitive development of individuals with DS is characterized
by signiﬁcant delays and diﬃculties in working memory (WM) and short-term memory (STM)
abilities. WM plays a key role in everyday life (e.g., reading, writing, arithmetic, learning, language-
processing, orientation, and imagination) for typically developing (TD) children as much as for
individuals with cognitive disabilities. Given this link between WM performance and classroom
and daily life functioning, it is of substantial interest to investigate the eﬀectiveness of interventions
designed to reduce WM and STM diﬃculties in order to provide eﬀective evidence-based training
programs for young people with DS. Indeed, the enhancement of memory skills would be expected
to promote skill development (e.g., Gathercole and Alloway, 2006) and independence of individuals
with DS, minimizing the impact of the WM deﬁcit on their lives.
DS and WM Abilities
Working memory has been deﬁned as a mental system that temporarily stores information while
allowing that information to processed or manipulated (e.g., Baddeley, 1986). There are many
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diﬀerent models of the structure of WM, but the investigation
of WM abilities in DS has been largely conducted within the
framework of the multi-component model of WM initially
proposed by Baddeley and Hitch (1974; see also Baddeley, 1986,
2000). This model is composed of three main components. Two
of these are the phonological loop and visual-spatial sketchpad,
which are modality-speciﬁc systems dedicated to the passive
storage of verbal and visuo-spatial information, respectively. The
central executive, which in contrast is domain-general, controls
the transfer of information to and from the two slave systems and
it has been associated with a broad range of processing functions,
such as inhibiting irrelevant information, shifting attention,
and updating information. WM is considered an active system,
involving both storage and processing, whereas STM involves
only storage and no processing, as required in forward span tasks
(Cornoldi and Vecchi, 2003; Swanson and Beebe-Frankenberger,
2004).
Working memory in DS has been investigated using a range
of experimental approaches, providing substantial evidence of
a dissociation between verbal and visuo-spatial abilities (Jarrold
and Baddeley, 1997; Laws, 2002; Brock and Jarrold, 2005).
Compared with children with ID or younger TD children
matched for mental age, it has been found that there is a large
deﬁcit for those with DS in several verbal STM measures (Kay-
Raining Bird and Chapman, 1994; Buckley et al., 1995; Laws,
1998; Jarrold et al., 1999). The current best explanation for the
deﬁcit in the phonological loop component ofWM in individuals
with DS is that they have a problem in storage itself, rather than
in the encoding or rehearsal of information (Jarrold et al., 2002;
Purser and Jarrold, 2005; Baddeley and Jarrold, 2007) Within
Baddeley’s (1986) WM framework, DS seems to be associated
with a reduction in phonological store capacity (Baddeley and
Jarrold, 2007).
On the other hand, the visuo-spatial sketchpad abilities of
individuals with DS are found to be in line with what one
would expect given individuals’ general level of ability (Jarrold
and Baddeley, 1997; Baddeley and Jarrold, 2007; Lanfranchi
et al., 2012). Compared to TD children of the same mental
age, DS children obtain largely equivalent scores (Lanfranchi
et al., 2004). However, some studies showed that even if visuo-
spatial STM was less impaired in DS than verbal STM, some
diﬀerences emerged when the visuo-spatial component of WM
was broken down into separate spatial and visual components
(Ellis et al., 1989; Laws, 2002). Indeed, individuals with DS
appear to show an unimpaired spatial memory (e.g., memory
of spatial positions), but an impaired visual memory (memory
of objects and their visual properties, such as colors, surfaces,
etc.). Although visuo-spatial STM abilities seem to be better
preserved if compared with phonological STM abilities, it is
important to remember that both verbal and visuo-spatial
WM skills are usually impaired if compared to chronological
age-matched individuals (Kay-Raining Bird and Chapman,
1994).
The studies that examined the central executive component of
WM suggested that there is a central executive limitation in DS.
Children with DS have diﬃculties with executive load WM on
both verbal and visuo-spatial measures, compared to mental age
matched TD children (e.g., Lanfranchi et al., 2004). In particular,
the results of a recent study of Lanfranchi et al. (2012) suggest
that individuals with DS have a general executive deﬁcit resulting
in disproportionate deﬁcits when two tasks are coordinated.
These results are consistent with those of previous studies that
also demonstrated such executive deﬁcits in individuals with DS
(Rowe et al., 2006; Lanfranchi et al., 2010) in addition to general
diﬃculties in performing a variety of dual tasks (Lanfranchi et al.,
2004).
WM and Learning
A variety of studies have found that both verbal and visuo-
spatial WM are strongly associated with a range of measures of
learning (Gathercole and Baddeley, 1993; Jarvis and Gathercole,
2003; Gathercole and Alloway, 2006). Moreover, WM deﬁcits are
characteristic of children with learning diﬃculties both in literacy
and in mathematics (Passolunghi and Siegel, 2001; Geary et al.,
2004; Pickering, 2006; Schuchardt et al., 2008). Compared to
WM abilities, STM skills are much more weakly associated with
general academic attainment (Gathercole and Alloway, 2006).
However, verbal STM skills are linked to reading progress and
an accurate phonological representation within STM is required
for new word learning (Service and Kohonen, 1995; Gathercole
et al., 1997; Jarrold et al., 2009).
In the ﬁeld of ID, some studies have suggested that the learning
diﬃculties associated with DS might be underlain by diﬃculties
inWM and STM.DS is characterized by generalized diﬃculties in
performing number and calculation tasks (Marotta et al., 2006).
In particular, individuals with DS exhibit several mathematical
diﬃculties compared to TD individuals (Brigstocke et al., 2008).
They obtain lower scores in a wide range of tests assessing basic
mathematical knowledge, arithmetic abilities, and counting skills
(Buckley and Sacks, 1986; Carr, 1988; Porter, 1999). Recently it
has been suggested that visual WM memory diﬃculties in DS
could lead to deﬁcits in some early numerical abilities that are
thought to be foundational to mathematical learning (Sella et al.,
2013).
On the other hand, weak verbal WM and STM abilities
make processing verbal information and learning from listening
diﬃcult for children with DS. Indeed, the marked phonological
STM deﬁcit seems to underlie the characteristic proﬁle of
language diﬃculties seen in individuals with DS (e.g., deﬁcits
in phonology, speech intelligibility, language production, syntax,
reading; Dodd and Thompson, 2001; Byrne et al., 2002;
Lanfranchi et al., 2009).
WM Intervention
The results described above provide evidence that DS is
characterized by signiﬁcant delays and diﬃculties in WM and
STM abilities that are associated with general learning disabilities
and language impairment. Therefore, it is clearly of some
importance to investigate the eﬀectiveness of interventions
designed to reduce the WM and STM diﬃculties, in order to
provide eﬀective evidence-based training programs for children
with DS. However, WM has traditionally been considered a
genetically ﬁxed cognitive ability (Kremen et al., 2007). Therefore,
it was not considered possible to enhance WM skills by acting
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on an individual’s environmental experiences and opportunities.
Recently, a growing set of studies with TD children and adults
have shown that WM skills can be improved through training
demonstrating that considerable cerebral plasticity exists and
that WM capacity may potentially be improved (Olesen et al.,
2004; Thorell et al., 2009). Some studies have even shown a
transfer eﬀect of WM training on school-related skills (Holmes
et al., 2009; St Clair-Thompson et al., 2010; Alloway et al.,
2013; Passolunghi and Costa, 2014). However, the debate is still
open and some authors questioned the eﬀectiveness of WM
training, arguing that there is currently too little evidence to
conclude that such training generalizes to other cognitive skills
(Melby-Lervåg and Hulme, 2013; Redick et al., 2015). Moreover,
it has been emphasized that many studies that have examined
the eﬀect of WM training have not always applied adequate
methodological criteria (e.g., no-contact control groups, single
measures of cognitive constructs, inconsistent use of valid WM
tasks, subjective measurement of change; Shipstead et al., 2010,
2012).
Given that the WM system is important for language
learning, intervention studies designed to target the memory
diﬃculties associated with DS have typically focused on
improving verbal STM skills, generally by training children
to use rehearsal strategies (Broadley and MacDonald, 1993;
Laws et al., 1996). These studies have focused on improving
the ability to repeat items in the correct order. Training in
an overt cumulative rehearsal strategy has been shown to
improve recall in groups with DS: such training involves the
rehearsal, spoken aloud, of increasing amounts of information
over the course of an STM task (Broadley and MacDonald,
1993; Comblain, 1994; Laws et al., 1996). Some of the
studies dealing with rehearsal training used picture supports
(children used visual processing to aid their memory span),
with mixed ﬁndings for auditory span measures but clear
improvements for measures of visual span (Broadley and
MacDonald, 1993; Laws et al., 1996). A further study (Comblain,
1994) found a clear improvement in auditory memory span,
beginning with picture supports, but phasing them out over the
course of the task, ending in auditory-only training. Using a
somewhat diﬀerent approach Conners et al. (2008) used purely
auditory rehearsal training and the results showed verbal span
improvements.
To our knowledge, Bennett et al. (2013) is the only study
to have investigated the eﬀects of visuo-spatial training in DS
children. This training consisted of seven computerized STM
and WM games: four of them involved only the storage of
visual information, two of them involved both manipulating
and storing visual information, and one incorporated the
storage of information in both modalities. Results showed that
performance on trained and non-trained visuo-spatial STM tasks
was signiﬁcantly enhanced for children in the intervention group
and this improvement was sustained four months later. However,
they failed to ﬁnd any transfer eﬀect of the training either to
visuo-spatial WM or verbal STM and WM skills. Despite this
lack of transfer, these results suggest that training the visuo-
spatial component of WM in a school setting may be possible for
children with DS.
The Present Study
The aim of the current study was to evaluate the eﬃcacy of a
school-based visuo-spatial WM training on STM and WM skills
for two individuals with DS. Previous studies of memory training
for individuals with DS have focused on the enhancement
of verbal STM abilities by teaching rehearsal strategies, with
positive results (Broadley andMacDonald, 1993; Comblain, 1994;
Laws et al., 1996). Only one study has used WM training
that taps both STM and WM skills (Bennett et al., 2013),
in which a positive eﬀect was found of training on visuo-
spatial STM abilities (passive recall of information) but not
on visuo-spatial WM abilities. However, several studies have
demonstrated the eﬀectiveness of WM training in both TD
children and children with intellectual disabilities (Thorell et al.,
2009; St Clair-Thompson et al., 2010; Van der Molen et al.,
2010). Therefore, it was expected that the training, targeting
visuo-spatial STM abilities (simple recall of information) and
visuo-spatial WM abilities (ability to both simultaneously process
and store information) would improve visuo-spatial WM and
STM abilities. Moreover, it was expected that our training should
improve not only the visuo-spatial component of WM, but also
produce a transfer eﬀect on the verbal component of WM. This
hypothesis is in line with previous studies dealing with WM
training in TD children and individuals with ID (Thorell et al.,
2009; Van der Molen et al., 2010).
Materials and Methods
Participants
AS Case Report
AS is a boy with DS aged 15;11 at the time of the investigation.
AS was selected from a database of participants, following on-
going consent after recruitment for previous research studies
by one of the authors (Harry R. M. Purser). After consent was
provided by the schools, and prior to testing, parental consent
was obtained. AS lives with his parents and attends a special
secondary school for children with severe or moderate learning
disabilities. AS was not on any medication at the time of the
investigation. He received a diagnosis of DS 2 h after birth
(conﬁrmed trisomy 21, without mosaicism). He was born by
cesarean section and his birth weight was 1.81 kg. AS has salivary
gland malfunction and was hospitalized at 3 years old in order to
receive surgical operation for the correction of umbilical hernia.
Developmentally, sitting was normal at 0;7, though walking was
late at 2;5. AS spoke his ﬁrst words at 0;8 and did not start
putting 2–3 words together until around 4–5 years. He received
a diagnosis of dyspraxia at 5 years old and currently has some
speech problems: he speaks in short, simpliﬁed sentences. AS
attended a mainstream school from 2;6 to 12;0 when he moved
to a school for children with learning disabilities. Before entering
primary school, he never received any type of special education
service or preschool support. AS was reported to enjoy school. He
has problems with writing, but his general academic achievement
is in line with what would be expected given his intellectual level.
He was reported to be well behaved at school, and to have good
relationships with both adults and peers. AS was also reported
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to enjoy sports, in particular swimming. Additionally, he enjoyed
2 years work experience in a garden center.
Non-verbal Intelligence was assessed at time of testing using
Raven’s Colored ProgressiveMatrices (RCPM; Raven et al., 1998).
AS’s RCPM raw score was 16, and his non-verbal mental age was
7. AS was also assessed on the British Picture Vocabulary Scale
III (BPVS; Dunn et al., 2009), a measure of receptive vocabulary.
AS BPVS raw score was 96, his vocabulary mental age was 6 years
and 5 months.
EH Case Report
EH is a girl with DS aged 17;3 at the time of the investigation.
Selection and consent were via the procedures described for AS.
EH lives with her parents and attends a special secondary school
for children with severe or moderate learning disabilities. EH was
not on any medication at the time of the investigation except for
hay fever tablets. She received a diagnosis of DS immediately after
birth (conﬁrmed trisomy 21, without mosaicism). She was born
naturally and birth weight was 2.72 kg.
Developmental milestones were reportedly delayed: she
started sitting at 0;10 and walking at 2;5. EH spoke her ﬁrst words
at 0;7 and did not start putting 2–3 words together until she was
3;0. Currently EH was not reported to have any speech problem.
EH attended a mainstream school until 11;0 when she moved to
a school for children with learning disabilities. Prior to entering
primary school she never received any type of special education
service or preschool support. She was reported to enjoy school
with normal reading, spelling and arithmetic skills. EH was also
reported to be well behaved at school, even if sometimes she does
not want to do her homework. She gets on well both with both
adults and peers. EH was reported to enjoy music and dance.
Non-verbal Intelligence was assessed at time of testing using
RCPM (Raven et al., 1998). EH’s RCPM raw score was 19, and her
non-verbal mental age was 8. EH was also assessed on the BPVS
III (Dunn et al., 2009), a measure of receptive vocabulary. AS
BPVS raw score was 101, her vocabulary mental age was 7 years.
TD Control Group
The TD group was comprised of children randomly selected on
the basis of date of birth from a mainstream primary school.
Both school and parental consent were obtained prior to testing.
The WM training used in this study targeted visuo-spatial WM,
and AS and EH were therefore matched to TD controls on the
basis of non-verbal intelligence assessed with the RCPM test.
Given that the RCPM test is commonly used to estimate of IQ
(Belacchi et al., 2010; Lanfranchi and Carretti, 2012; Kolkman
et al., 2013; Xenidou-Dervou et al., 2014), this matching criteria
ensured that performance diﬀerences prior and after the training
were not due to any general intelligence diﬀerences. Children
with a RCPM score below 15 and greater than 21 were excluded
to ensure that AS and EH were compared to children with a
comparable non-verbal intelligence. Children with statements
of special educational need (as identiﬁed by local educational
services) were excluded. There were 17 TD children (eight boys
and nine girls) in the TD group. The mean age was 6 years, 1 (SD
0 years, 7 months), with a range of 5 years 7 months to 7 years
0 month.
Procedure
Participants were individually tested at school in two sessions
separated by approximately 1 week. Testing sessions lasted
approximately 30 min. For matching purposes, the participants
with DS completed their testing session ﬁrst. Then, based on the
score reached at the RCPM test, the 17 TD children were selected
and they completed their testing sessions.
The WM training undertaken by the participants with DS
included eight of paper-and-pencil tasks that were designed to
improve visuo-spatial WM abilities. Over six successive weeks,
AS and EH participated in 12 training sessions (twice weekly).
In each session, two games were played. Training duration was
40 min per session. After the training, AS and EH’s WM abilities
were assessed again. In all the assessment tasks the child was given
an example of how to perform the trial before to start. Only when
the child understood the instructions the task was recorded.
Assessments
Visuo-Spatial STM
Pathway recall (Lanfranchi et al., 2004). The child was shown a
path taken by a small toy frog on a 3 × 3 or 4 × 4 grind. The
child had to recall the pathway immediately after presentation
by moving the frog from square to square, reproducing the
experimenter’s moves. The task is composed of eight trials and
had four levels of diﬃculty, depending on the number of steps in
the frog’s path and dimensions of the chessboard (3× 3 in the ﬁrst
level with two steps and 4 × 4 in the other levels, with two, three,
and four steps, respectively). Two trials for each diﬃculty level
were presented. A score of 1 was given for every trial performed
correctly. The minimum score was 0 and the maximum was 8.
Visuo-Spatial WM
Pathway recall backward (Lanfranchi et al., 2004). The child was
shown a path taken by a small toy frog on a 3 × 3 or 4 × 4
grind, in the same way as the pathway recall task. The child had
to remember the path in the reverse order. There were four levels
of diﬃculty, depending on the number of steps in the frog’s path
and the size of the chessboard (3× 3 in the ﬁrst and second levels,
and 4 × 4 in the other levels). Two trials for each diﬃculty level
were presented. A score of 1 was given for every trial performed
correctly. The minimum score was 0 and the maximum was 8.
Selective pathways task (Lanfranchi et al., 2004). The child was
shown one or two small toy frog’s paths taken by the frog on
a 4 × 4 grind, as in earlier tasks. The child had to remember
the frog’s starting position(s). The task had four diﬀerent levels
of diﬃculty, depending on the number of pathways and the
number of steps in each pathway. There were two trials for each
diﬃculty level. At levels one and two, respectively, one pathway
with two steps and one with three steps was presented. At levels
three and four, two pathways of two and three steps, respectively,
were presented. A score of 1 was given for every trial performed
correctly. The minimum score was 0 and the maximum was 8.
Visuo-spatial dual task (Lanfranchi et al., 2004). The child had to
remember the frog’s starting position on a path on a 4 × 4 grind,
in which one of the 16 cells was red. The child also had to tap
on the table when the frog jumped onto the red square. The task
had four diﬀerent levels of diﬃculty, depending on the number of
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steps in the path (i.e., two, three, four, and ﬁve steps, respectively).
Two trials for each diﬃculty level were presented. The score of 1
was given for every trial performed correctly, with the child both
remembering the ﬁrst position of the pathway and performing
the tapping task. Otherwise, a score of 0 was given. Theminimum
score was 0 and the maximum score was 8.
Verbal STM
Forward word recall (Lanfranchi et al., 2004). In this task lists of
two to ﬁve words were presented to the child, who was required to
repeat the list immediately and in the same order of presentation.
Two trials for each diﬃculty level were presented. A score of 1 was
given for every trial performed correctly. The minimum score
was 0 and the maximum was 8.
Verbal WM
Backward word recall (Lanfranchi et al., 2004). Lists of two to ﬁve
words were presented, and the child was asked to repeat each list
in reverse order immediately after presentation. Two trials for
each diﬃculty level were presented. A score of 1 was given for
every trial performed correctly. The minimum score was 0 and
the maximum was 8.
Selective word recall (Lanfranchi et al., 2004). One or
two lists were presented to the child, who was required to
repeat the ﬁrst word of each list after the presentation of the
entire series. There were four diﬃculty levels, depending on
the number of lists (one or two) and the number of words
(two or three) in each list. Two trials for each diﬃculty level
were presented. At levels one and two, respectively, one list
with two words and one with three words were presented.
At levels three and four, two lists with two and three words,
respectively, were presented. A score of 1 was given for every
trial performed correctly. The minimum score was 0 and the
maximum was 8.
Verbal dual task (Lanfranchi et al., 2004). The child was
presented with a list of two to ﬁve two-syllable words and was
asked to recall the ﬁrst word on the list and tap on the table
when the target word (“ball”) was presented. The test is made
up by eight trials, two for each of the four diﬃculty levels.
A score of 1 was given for every trial performed correctly,
when the initial word of the sequence was remembered correctly
at the same time the dual task was performed. Otherwise, a
score of 0 was given. The minimum score was 0 and the
maximum was 8.
Visuo-Spatial WM Training
The visuo-spatial WM training used was an adapted version
of a WM training used in a previous study (Passolunghi and
Costa, 2014) and it included diﬀerent tasks that were designed
to enhance visuo-spatial STM and WM abilities. The training
was implemented for six weeks, twice weekly, with each session
lasting 40 min. The full training program consisted of eight
diﬀerent games grouped into two diﬀerent categories: four visuo-
spatial WM games, and four visuo-spatial STM games. In each
session, two games were played: one mainly focused on the
enhancement of visuo-spatial STM, one mainly focused on the
enhancement of visuo-spatial WM.
The training was adaptive with the instructor adapting the
tasks to the child’s performance (e.g., if the child failed to
remember three items, on the next occasion the instructor asked
for two items and, after a successful repetition of two items,
asked for three again). This procedure allows to individualize the
intervention by constantly assessing children’s performance and
adapting the diﬃculty level of the task, thus maintaining each
child in his or her zone of proximal development (Vygotsky,
1978). The instructor gave continuous feedback to the children
during the training. The children participated in the activity one
after the other.
Visuo-Spatial STM Games
The ﬁrst category tapped visuo-spatial STMabilities. These games
required the immediate serial recall of visuo-spatial information.
For the game “Farmers,” a 1.5 m× 1.5 mmatrix with 25 elements
positioned on the ﬂoor was used. The instructor presented paths
of diﬀerent lengths on the matrix. Steps were presented at the rate
of approximately one step every 2 s. Children had to repeat the
steps of the path in the presented order. In the game “Circles” 25
hula hoops were randomly positioned on the ﬂoor. The instructor
presented paths of diﬀerent lengths on the circles. Steps were
presented at the rate of approximately one step every 2 s. Children
had to repeat the steps in the presented order. In the “Game of
cards,” 7× 10 cm cards with pictures (animals, fruit & vegetables,
and objects) were presented, one at a time at the rate of a card
per second, and the children had to recall the list in the correct
order using cards with pictures to respond. In the “Game of
numbers” 7 × 10 cm cards with numbers were presented, one
at a time at the rate of a card per second, and the children had
to recall the list in the correct order using cards with numbers to
respond.
Visuo-Spatial WM Games
The second category of games tapped visuo-spatial WM abilities.
These games required a dual task procedure (“Colors” and
“Pairs”) or a backward recall (“The farmers backward” and
“Game of Cards Back”).
For the game “Colors” A 1.5 m× 1.5 mmatrix with 25 colored
elements (blue, yellow, red, green, and black) was positioned
on the ﬂoor. The instructor presented paths of diﬀerent lengths
on the matrix. Children had to name the color of each element
during the presentation of the path and then recall the ﬁrst step
of the path after presentation. The game “Pairs” challenged the
children to remember the locations of 7 × 10 cm cards with
pictures (animals, fruit & vegetables, and objects) placed on a
grid. On each turn, a player turns over two cards (one at a time)
and keeps them if they match. For the game “Farmers backward,”
a 1.5 m × 1.5 m matrix with 25 elements positioned on the ﬂoor
was used. The instructor presented paths of diﬀerent lengths on
the matrix. Steps were presented at the rate of approximately one
step every 2 s. Children had to repeat the steps of the path in the
reverse order after presentation. In the “Game of Cards Back,”
some 7 × 10 cm cards with pictures (animals, fruit & vegetables,
and objects) were presented, one at a time at the rate of a card per
second, and the children had to recall the list in the reverse order
using pictures to respond.
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Analysis
Crawford and Howell’s (1998) modiﬁed t-test was used to
test whether the diﬀerence between the single cases (AS and
EH) and the control sample was statistically diﬀerent. This
method provides both signiﬁcance tests and a point estimate
of the percentage of the population that would obtain a more
extreme score (or diﬀerent score) and an interval estimate
(i.e., conﬁdence limits) on this percentage. The eﬀect size (zcc)
and 95% conﬁdence interval around the eﬀect size were also
calculated using the methods proposed by Crawford et al.
(2010). Analyses were run using the program Singlims_ES.exe,
an upgraded version of the program Singlims.exe (Crawford
and Garthwaite, 2002). It implements classical methods for
comparison of a single case’s score to scores obtained in a control
sample.
In agreement with Perneger (1998), Bonferroni adjustments
were not applied. If using Bonferroni adjustments for
small sample sizes, the interpretation of a ﬁnding becomes
dependent upon the number of analysis performed so they
automatically increase the likelihood of Type II errors and
important performance diﬀerences may be missed (Perneger,
1998).
The focus of the current study was of individuals with DS. It
was therefore expected that where performance diﬀered to that
of controls would be in the direction of impaired performance
and one tailed t-test were used for the analysis (Crawford et al.,
2003). However, literature shows how the WM memory deﬁcit
seems to be limited to the verbal rather than visuo-spatial domain
(Jarrold and Baddeley, 1997; Laws, 2002). Indeed, the visuo-
spatial sketchpad abilities of individuals with DS seems to be
in line with what one would expect given individuals’ general
level of ability. (Jarrold and Baddeley, 1997; Baddeley and Jarrold,
2007; Lanfranchi et al., 2012). Therefore, for visuo-spatial STM
measures two-tailed t-tests were used. For all t-tests, the 0.05
probability level for signiﬁcance was used.
Results
Performance prior and after training is reported for EH and AS,
two teenagers with DS, in comparison to matched TD controls
(Table 1). In the ﬁrst part of this section, results in visuo-spatial
STM and WM abilities are reported. In the second part of the
section, the results in verbal STM and WM are reported. Both
parts are followed by a summary of the main ﬁndings (see also
Figure 1).
Visuo-Spatial STM
Pathway Recall
EH’s Pathway recall score did not diﬀer signiﬁcantly from the TD
group either in the pre-test, t = 1.67, p = 0.11, or in the post-
test, t = 0.93, p = 0.37. In both sessions her score was higher
compared to the mean score of the control TD group and in the
pre-test her performance was at ceiling. The estimated percentage
of normal population falling below case’s score was 94.33% (95%
CI: 82.98%; 99.33%) before training and was 81.61% (95% CI:
64.29%; 93.59%) after the training. TA
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FIGURE 1 | Visuo-spatial STM and cumulative working memory (WM) scores, and verbal short-term memory (STM) and cumulative WM scores at
pre-testing (for EH, AS, and TD group) and post-intervention (for EH and AS). VS STM, Visuo-spatial STM score; VS WM, Cumulative visuo-spatial WM
score; VERBAL STM, Verbal STM score; VERBAL WM, Cumulative verbal WM score.
Prior to training, AS recalled signiﬁcantly fewer paths than the
control group, t = 2.18, p = 0.04. After training AS improved in
performance on the Pathway recall and in the post-test session
there was no longer a signiﬁcant diﬀerence from the TD group,
t = 0.60, p = 0.56. The estimated percentage of the normal
population falling below the case’s score was 2.78% (95% CI:
0.01%; 10.69%) before training and increased up to 28.89% (95%
CI: 13.72%; 47.57%) after the training.
Visuo-Spatial WM
Pathway Recall Backward
EH’s score in Pathway recall backward did not diﬀer signiﬁcantly
from the TD group in the pre-test session, t = 0.37, p = 0.36, or
the post-test session, t = 1.2, p = 0.12. However, the estimated
percentage of the normal population falling below the case’s score
increased from 35.76% (95% CI: 19.22%; 54.64%) before training
up to 87.79% (95% CI: 72.37%; 96.94%) after the training.
For AS, the score was the same prior and after the training
and his performance did not diﬀer signiﬁcantly from the TD
group, t = 1.16, p= 0.13. The estimated percentage of the normal
population falling below the case’s score was 13.12% (95% CI:
3.49%; 28.90%).
Selective Pathways
EH’s Selective pathways performance in pre-test session was
signiﬁcantly impaired compared to the TD group, t = 2.25,
p = 0.02. Her performance improved after the training with a
post-test score at ceiling and higher than the mean score of the
TD group, t = 1.63, p= 0.06. Strikingly, the estimated percentage
of the normal population falling below the case’s score was 1.92%
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in the pre-test (95% CI: 0.06%; 8.3%) and 93.90% (95% CI:
82.17%; 99.22%) in the post-test.
AS’s performance did not diﬀer signiﬁcantly from the TD
group in the pre-test session, t = 1.14, p = 0.13, or the post-
test session, t = 0.52, p = 0.30. The estimated percentage of
the normal population falling below the case’s score was 13.47%
(95% CI: 3.67%; 29.38%) before training and was 65.56% (95%
CI: 50.80%; 85.08%) after the training.
Visuo-Spatial Dual Task
In the Visuo-spatial dual task, EH’s performance did not diﬀer
signiﬁcantly from the TD group in the pre-test session, t = 1.41,
p = 0.09, or the post-test session, t = 0.87, p= 0.20. However, the
estimated percentage of the normal population falling below the
case’s score increased from 8.85% in the pretest (95% CI: 1.65%;
22.57%) to 80.26% (95% CI: 62.67%; 92.75%) in the post-test.
AS’sVisuo-spatial dual task performance in the pre-test session
was signiﬁcantly impaired compared to the TD group, t = 3.13,
p = 0.003, since he was not able to perform the double task.
After training, AS’s score did not diﬀer signiﬁcantly from the
TD group, t = 0.84, p = 0.21. The estimated percentage of the
normal population falling below the case’s score was 0.32% (95%
CI: 0.00%; 2.23%) before training and increased up to 20.65%
(95% CI: 7.84%; 38.42%) after the training.
Cumulative Visuo-Spatial WM Score
In order to better understand the nature of EH and AS’s WM
improvements and for data reduction purposes, a Cumulative
visuo-spatial WM score was created by summing the scores of the
Visuo-spatial dual task, the Selective pathways, and Pathway recall
backward.
EH’s Visuo-spatial WM cumulative score prior to training was
signiﬁcantly impaired compared to the TD group, t = 2.07,
p = 0.03. After training, EH’s performance increased (EH = 22,
control mean = 16, SD, 3.28) and she obtained a signiﬁcantly
higher score than the TD group, t = 1.77, p = 0.047. The
estimated percentage of the normal population falling below
the case’s score was 2.73% (95% CI: 0.014%; 10.55%) before
training. After the training, the results showed that the estimated
percentage of the normal population falling below EH’s score was
95.28% (95% CI: 84.87%; 99.54%).
AS’s Visuo-spatial WM cumulative performance in the pre-
test session was signiﬁcantly impaired compared to the TD
group, t = 2.67, p = 0.008. After the training, there was no
longer a signiﬁcant diﬀerence from the TD group, t = 0.59,
p = 0.28. The estimated percentage of the normal population
falling below the case’s score was 0.84% (95% CI: 0.007%; 4.64%)
before training and was 28.09% (95% CI: 13.11%; 46.71%) after
the training.
Summary
EH’s performance in visuo-spatial STM, assessed with the
pathway recall task was higher compared to the mean score of the
control TD group both in the pre-test and post-test. The results
did not show an improvement of EH’s visuo-spatial STM abilities
after training. Her lower performance in the post-test session was
probably be due to a regression to the mean eﬀect.
Considering the tasks assessing visuo-spatial WM abilities, in
the Pathway recall backward and in theVisuo-spatial dual task EH
performance did not diﬀer signiﬁcantly from the TD group either
in the pre-test or post-test sessions. However, in both tasks there
was an improvement of performance after the training, as shown
by the increased estimated percentage of the normal population
falling below the case’s score in the post-test session (from 35.76
to 87.78% for the Pathway recall backward; from 16.80 to 72.62%
in the Visuo-spatial dual task). The third task used in order to
assess visuo-spatial WM abilities was the Selective pathways. EH’s
performance in the pre-test session was signiﬁcantly impaired
compared to the control TD group. The results showed that her
performance improved after the training and her score did not
diﬀer from the TD group.
If one considers the Visuo-spatial WM cumulative score,
EH’s performance prior to training was signiﬁcantly impaired
compared to the control group. The training led to an
improvement of overall visuo-spatial WM abilities given that
after the training EH obtained a signiﬁcant higher score in
comparison to the TD group.
AS’s performance in visuo-spatial STM, assessed with the
pathway recall, was signiﬁcantly impaired compared to the
control TD group in the pre-test session. The results showed that
his performance improved after the training when the score did
not diﬀer from the TD group.
Considering the tasks assessing visuo-spatial WM abilities,
AS’s Pathway recall backward performance prior to training did
not diﬀer signiﬁcantly from the TD group. Results showed no
improvements in the post-test session. In the Selective pathways
AS’s performance did not diﬀer signiﬁcantly from the TD group
either in the pre-test or post-test session. However, there was
an improvement of performance after the training as shown by
the increased estimated percentage of the normal population
falling below the case’s score in the post-test session (from 13.47
to 65.56%). Regarding the Visuo-spatial dual task, AS showed
impaired performance in the pre-test session. The performance
improved after the training, with no more signiﬁcant diﬀerence
from the average scores obtained by the TD group.
If one considers the Visuo-spatial WM cumulative score,
AS’s performance prior to training was signiﬁcantly impaired
compared to the control group. The training led to an
improvement of overall visuo-spatial WM abilities, given that
after the training there was no longer a signiﬁcant diﬀerence from
the TD group.
Verbal STM
Word Span
For EH, word span score was the same prior and after the training
and her performance did not diﬀer signiﬁcantly from the TD
group, t = 0.83, p = 0.21. The estimated percentage of normal
population falling below case’s score was 20.91% (95% CI: 8.01%;
38.72%).
AS’s word span performance in pre-test session was
signiﬁcantly impaired compared to the TD group, t = 3.65,
p = 0.001, since it was not able to perform the task. After
training, AS’s score did not diﬀer signiﬁcantly from the TD
group, t = 0.83, p = 0.21. The estimated percentage of the
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normal population falling below the case’s score was 0.11% (95%
CI: 0%; 0.88%) before training and increased up to 20.21% (95%
CI: 8.01%; 38.72%) after the training.
Verbal WM
Word Span Backward
EH’s Word span backward score in the pre-test was equal to
the average score obtained from the control TD group, t = 0,
p = 0.50. In the post-test session again EH’s performance did
not diﬀer signiﬁcantly from the TD group, t = 1.17, p = 0.14.
The estimated percentage of the normal population falling below
the case’s score was 50.00% (95% CI: 31.73%; 68.27%) before
training and was 85.98% (95% CI: 69.87%; 96.05%) after the
training.
AS was not able to perform the Word span backward
either before or after the training. His performance was
signiﬁcantly poorer than the control group, t = 3.35,
p = 0.002, and the estimated percentage of the normal
population falling below AS’s score was 0.20% (95% CI: 0%;
1.51%).
Selective Word Recall Task
EH’s Selective word recall performance in the pre-test session
was at ceiling and signiﬁcantly higher than the TD group,
t = 2.06, p = 0.03 while EH’s post-test performance did not diﬀer
signiﬁcantly from the TD group, t = 0.63, p= 0.27. The estimated
percentage of the normal population falling below the case’s score
was 85.98% (95% CI: 69.87%; 96.05%) in the pre-test and was
73.08% (95% CI: 54.53%; 87.77%) in the post-test.
The diﬀerence between AS’s Selective word recall performance
and the TD group did not diﬀer signiﬁcantly from the mean
score of the TD group either in the pre-test, t = 1.51, p = 0.07,
or post-test, t = 0.63, p = 0.26. However, it can be seen that
the eﬀect size for the case’s diﬀerence is quite large in the pre-
test: the case’s diﬀerence is over 1.5 SD from the mean diﬀerence
in controls. After training, AS’s Selective word recall score was
higher compared to the mean score of the control TD group. The
estimated percentage of the normal population falling below the
case’s score was 7.46% (95% CI: 1.18%; 20.27.77%) before training
and increased up to 73.08% (95% CI: 54.54%; 87.77%) after the
training.
Verbal Dual Task
EH’s Verbal dual task score did not diﬀer signiﬁcantly from the
mean score of the TD group either in the pre-test, t = 0.92,
p= 0.18, or post-test, t= 0.12, p= 0.45. The estimated percentage
of the normal population falling below EH’s score was 81.43%
(95% CI: 64.07%; 93.47%) in the pre-test and was 54.55% (95%
CI: 35.97 %; 72.41%) in the post-test.
AS’s Verbal dual task performance in the pre-test session was
signiﬁcantly impaired compared to the TD group, t = 1.89,
p = 0.038, since he was not able to perform the double task.
After training, AS’s score did not diﬀer signiﬁcantly from the TD
group, t = 1.09, p= 0.15. The estimated percentage of the normal
population falling below the case’s score was 3.84% (95% CI:
0.29%; 13.22%) before training and was 14.63% (95% CI: 4.26%;
30.93%) after the training.
Cumulative Verbal WM
To better understand the nature of EH and AS’s WM abilities
and for data reduction purposes a Cumulative verbal WM score
was created by summing the scores of the Verbal dual task, the
Selective word recall, andWord span backward.
EH’s Cumulative verbal score in both sessions was higher
compared to the mean score of the control TD group. Her
score was higher compared to the TD group in the pre-test,
but the diﬀerence was not signiﬁcant, t = 1.50, p = 0.07. In
the post-test, there was a decrease of performance but her score
remained higher than the average score of the TD group. EH’s
post-test performance did not diﬀer signiﬁcantly from the TD
group, t = 0.63, p = 0.27. The estimated percentage of the
normal population falling below the case’s score was 92.44% (95%
CI: 79.56%; 98.79%) before training and was 73.26% (95% CI:
54.72%; 87.90%) after the training.
AS’s Cumulative verbal WM score in the pre-test session was
signiﬁcantly impaired compared to the TD group, t = 2.86,
p = 0.006. After the training, there was no longer a signiﬁcant
diﬀerence from the TD group, t = 1.40, p = 0.09. The estimated
percentage of the normal population falling below the case’s score
was 0.56% (95% CI: 0.0073%; 3.46%) before training and was
8.99% (95% CI: 1.70%; 22.80%) after the training.
Summary
EH’s performance in verbal STM, assessed with the Word span,
did not diﬀer signiﬁcantly from the TD group prior to training.
Results showed no improvements in the post-test session.
Considering the tasks assessing verbalWM abilities, the results
showed no impairments in any verbal WMmeasure compared to
the TD group in the pre-test session. After the training period
the performance in all verbal WM tasks (Word span backward,
Selective word recall, and Verbal dual task) remained within the
range of the TD group. In Selective word recall and in the Verbal
dual task there was a decrease of performance, but her score
remained higher than the average score of the TD group both in
the pre- and post-test sessions. Only in the Word span backward
task was there an increased performance at post-test, as shown
by the increased estimated percentage of the normal population
falling below the case’s score in the post-test session (from 50.00%
in the pre-test to 85.98% in the post-test).
If one considers the Verbal WM cumulative score, EH’s
performance did not diﬀer signiﬁcantly from the TD group either
in the pre-test or in the post-test. The results show a lower
performance in the post-test but it should be noted that in both
sessions her score was higher than the mean score of the control
TD group.
EH lower performances in the the post-test session compared
to the pre-test session in some of the tasks (Selective word recall,
Verbal dual task, and Verbak WM cumulative score) could be
due to a regression to the mean eﬀect. Ideeed, she showed a
high performance in the pre-test, and even if her performance
decreased in the post-test, in both sessions was higher compared
to the mean score of the control TD group.
AS’s performance in all verbal STM and WM tasks was
signiﬁcantly impaired compared to the control TD group in
the pre-test session, except for Selective word recall where
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the performance diﬀerence relative to the TD group was not
signiﬁcant. The results showed that AS’s verbal STMperformance
improved after the training when his score did not diﬀer from the
TD group.
Considering the tasks assessing verbalWMabilities, the results
showed an improvement in the post-test session in the Selective
word recall and in the Verbal dual task, with no signiﬁcant
diﬀerence from the average scores obtained by the TD group. AS
was not able to perform the word span backward either before or
after the training.
If one considers the Verbal WM cumulative score, AS’s
performance prior to training was signiﬁcantly impaired
compared to the control group. The training lead to an
improvement of overall Verbal WM abilities, given that after the
training there was no longer a signiﬁcant diﬀerence from the TD
group.
Discussion
The aim of our study was to evaluate the impact of a school-
based visuo-spatial WM training on the STM and WM skills of
two individuals with DS. With regard to visuo-spatial abilities,
both EH’s and AS’s visuo-spatial WM cumulative scores (created
by summing the scores of the Visuo-spatial dual task, the
Selective pathways, and Pathway recall backward) improved after
the training. Indeed, while in the pre-test their performance
was signiﬁcantly impaired compared to the TD group, in the
post-test session their scores did not diﬀer signiﬁcantly from
the performance of TD group. EH’s scores were improved in
all visuo-spatial WM tasks after training. In particular, her
performance in the Selective pathways was signiﬁcantly impaired
in the pre-test, while after training there was no longer signiﬁcant
diﬀerence from the TD group. AS improved his performance
in all the visuo-spatial WM tasks after training except for the
Pathway recall backward task that, in any case, remained within
the range of the TD group. In particular, his performance in the
Visuo-spatial dual task was signiﬁcantly impaired in the pre-test
while after the training there was no longer a signiﬁcant diﬀerence
from the TD group. Moreover, AS’s Pathway recall performance
(visuo-spatial STM) was signiﬁcantly impaired in the pre-test
while after the training there was no longer a signiﬁcant diﬀerence
from the TD group.
It should be noted that both EH and AS signiﬁcantly improved
their visuo-spatial scores after training, mostly on those tasks on
which they were signiﬁcantly impaired in the pre-test session.
These results suggest that our training successfully enhanced
visuo-spatial abilities, improving also those skills in which they
were deﬁcient in the pre-test compared to the TD group.
On the basis of the results of previous studies (Thorell et al.,
2009; Van der Molen et al., 2010) and given that our visuo-spatial
WM training included complex memory tasks involving the
central executive component of WM, a transfer of improvements
to the verbal domain was expected. The results showed that AS’s
verbal STM andWM skills were signiﬁcantly impaired compared
to the control TD group prior to training. After the training
his performance improved and there was no longer a signiﬁcant
diﬀerence from the TD group, except for theWord span backward
score. EH’s performance did not diﬀer signiﬁcantly from the
TD group in any verbal STM and WM task, either in the pre-
or post-test session. There was no improvement from pre-test
to post-test except for the Word span backward. Therefore,
there was a transfer of the visuo-spatial WM training eﬀects on
verbal abilities for AS, while EH didn’t showed any signiﬁcant
improvement in her verbal STM or WM performance. This
result could be explained considering the diﬀerent proﬁles of the
participants, which reﬂect the wide variation in the eﬀects of the
chromosomal abnormality on the development in the DS. In the
pre-test assessment, AS showed a generally weak proﬁle, with
most of the verbal and visuo-spatial scores signiﬁcantly below
the mean of the TD group. In contrast, EH showed a stronger
proﬁle with all the verbal scores and most of visuo-spatial scores
within the range of the TD group. Moreover, EH’s scores in all
verbal WMmeasures (Word span backward, Selective word recall,
Verbal dual task, Verbal WM cumulative score) both in the pre-
test and in the post-test were equal or higher than the average
scores of the TD control group. Taken together, these results
indicate that the training had a beneﬁcial eﬀect, especially on
those skills that were deﬁcient (below expected standards), while
it is more diﬃcult to inﬂuence those skills that are already in line
with what one would expect given individual’s general level of
ability.
To explain the stronger memory proﬁle of EH, it can be
hypothesized that her good education path/career and her good
verbal abilities encouraged the development of WM skills. In
particular, participation in school activities may have led to a
familiarity in processing verbal information. On the other hand,
AS’s dyspraxia and speech problems could explain his general low
WM and STM proﬁle (Alloway and Archibald, 2008).
There are some limitations of the study. First, although
we administered WM tasks used with individuals with Down
syndrome (7–23 years) in previous studies (Lanfranchi et al.,
2004, 2010, 2012) we found some ceiling performance levels with
EH in the pre-test and in the post-test session. The ceilings for
EH are probably connected to her stronger memory proﬁle as
explained above and may be prevented in future studies by using
a more complex version of the same WM tasks. Second, only
two single case treatments were studied. While the results are
encouraging, extension with further data is required to better
assess the eﬀectiveness of the WM training outlined. A further
limitation is that changes were only assessed immediately after
the training so that there is no information about the longer-term
stability of any training-related gains in performance. Previous
studies reported an increased aﬀects of WM training at follow-
up compared with immediate eﬀects in the post-test (Klingberg
et al., 2005; Holmes et al., 2009; Van der Molen et al., 2010).
It should be important in future studies to follow up post-
intervention to see whether beneﬁts of training last and to
investigate the eﬀectiveness of this kind of WM training with
group studies.
The ﬁndings of the present study are promising and could
have important practical implications for intervention. In fact,
the training program successfully enhanced AS’s and EH’s WM,
a central and important cognitive aspect for classroom and
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daily life functioning. Our results, in line with previous studies
(Klingberg et al., 2002; Thorell et al., 2009; Van der Molen
et al., 2010), provide further evidence that WM abilities can be
improved and that school-based visuo-spatial memory training
can be eﬀective for children with DS, also without the support
of a computer. Given the importance of WM abilities for
the development of a broad range of learning achievement
(e.g., Alloway and Alloway, 2010), further work is required to
investigate possible transfer eﬀects of visuo-spatial WM training
on learning in individuals with DS.
References
Alloway, T. P., and Alloway, R. G. (2010). Investigating the predictive roles of
working memory and IQ in academic attainment. J. Exp. Child Psychol. 106,
20–29. doi: 10.1016/j.jecp.2009.11.003
Alloway, T. P., and Archibald, L. (2008).Workingmemory and learning in children
with developmental coordination disorder and speciﬁc language impairment.
J. Learn. Disabil. 41, 251–262. doi: 10.1177/0022219408315815
Alloway, T. P., Bibile, V., and Lau, G. (2013). Computerized working memory
training: can it lead to gains in cognitive skills in students? Comput. Hum.
Behav. 29, 632–638. doi: 10.1016/j.chb.2012.10.023
Baddeley, A. D. (1986).Working Memory. Oxford: Oxford University Press.
Baddeley, A. D. (2000). The episodic buﬀer: a new component of workingmemory?
Trends Cogn. Sci. 4, 417–423. doi: 10.1016/S1364-6613(00)01538-2
Baddeley, A. D., and Hitch, G. (1974). Working memory. Psychol. Learn. Motivat.
8, 47–89. doi: 10.1016/S0079-7421(08)60452-1
Baddeley, A. D., and Jarrold, C. (2007). Working memory and Down
syndrome. J. Intellect. Disabil. Res. 51(Pt 12), 925–931. doi: 10.1111/j.1365-
2788.2007.00979.x
Belacchi, C., Carretti, B., and Cornoldi, C. (2010). The role of working memory
and updating in Coloured Raven Matrices performance in typically developing
children. Eur. J. Cogn. Psychol. 22, 1010–1020. doi: 10.1080/09541440903184617
Bennett, S. J., Holmes, J., and Buckley, S. (2013). Computerized memory training
leads to sustained improvement in visuospatial short-term memory skills in
children with Down syndrome. Am. J. Intellect. Dev. Disabil. 118, 179–192. doi:
10.1352/1944-7558-118.3.179
Brigstocke, S., Hulme, C., and Nye, J. (2008). Number and arithmetic skills in
children with Down syndrome. Down Syndr. 74–78. doi: 10.3104/reviews/2070
Broadley, I., and MacDonald, J. (1993). Teaching short term memory skills
to children with Down syndrome. Down Syndr. Res. Pract. 1, 56–62. doi:
10.3104/reports.11
Brock, J., and Jarrold, C. (2005). Serial order reconstruction in Down syndrome:
evidence for a selective deﬁcit in verbal short-term memory. J. Child Psychol.
Psychiatry 46, 304–316. doi: 10.1111/j.1469-7610.2004.00352.x
Buckley, S., Broadley, I., and MacDonald, J. (1995). Working memory in children
with Down syndrome. Down Syndr. Res. Pract. 3, 3–8. doi: 10.3104/reports.44
Buckley, S., and Sacks, B. (1986). The Adolescent with Down’s Syndrome: Life for the
Teenager and for the Family. Portsmouth: Portsmouth Polytechnic.
Byrne, A., MacDonald, J., and Buckley, S. (2002). Reading, language and memory
skills: a comparative longitudinal study of children with Down syndrome
and their mainstream peers. Br. J. Educ. Psychol. 72(Pt 4), 513–529. doi:
10.1348/00070990260377497
Carr, J. (1988). Six weeks to twenty-one years old: a longitudinal study
of children with Down’s syndrome and their families. Third Jack Tizard
memorial lecture. J. Child Psychol. Psychiatry 29, 407–431. doi: 10.1111/j.1469-
7610.1988.tb00734.x
Comblain, A. (1994). Working memory in Down syndrome: training the rehearsal
strategy. Down Syndr. Res. Pract. 2, 123–126. doi: 10.3104/reports.42
Conners, F. A., Rosenquist, C. J., Arnett, L., Moore, M. S., and Hume, L. E. (2008).
Improving memory span in children with Down syndrome. J. Intellect. Disabil.
Res. 52, 244–255. doi: 10.1111/j.1365-2788.2007.01015.x
Cornoldi, C., and Vecchi, T. (2003).Visuo-Spatial Working Memory and Individual
Diﬀerences. Hove: Psychology Press.
Crawford, J. R., and Garthwaite, P. H. (2002). Investigation of the single case
in neuropsychology: conﬁdence limits on the abnormality of test scores and
test score diﬀerences. Neuropsychologia 40, 1196–1208. doi: 10.1016/S0028-
3932(01)00224-X
Crawford, J. R., Garthwaite, P. H., and Gray C. D. (2003).Wanted: fully operational
deﬁnitions of dissociations in single-case studies. Cortex 39, 357–370. doi:
10.1016/S0010-9452(08)70117-5
Crawford, J. R., Garthwaite, P. H., and Porter, S. (2010). Point and interval
estimates of eﬀect sizes for the case-controls design in neuropsychology:
rationale, methods, implementations, and proposed reporting standards. Cogn.
Neuropsychol. 27, 245–260. doi: 10.1080/02643294.2010.513967
Crawford, J. R., and Howell, D. C. (1998). Comparing an individual’s test score
against norms derived from small samples.Clin. Neuropsychol. 12, 482–486. doi:
10.1076/clin.12.4.482.7241
Dodd, B., and Thompson, L. (2001). Speech disorder in children with
Down’s syndrome. J. Intellect. Disabil. Res. 45, 308–316. doi: 10.1046/j.1365-
2788.2001.00327.x
Dunn, L. M., Dunn, D. M., Styles, B., and Sewell, J. (2009). The British Picture
Vocabulary Scale, 3rd Edn. London: GL Assessm.
Ellis, N. R., Woodley-Zanthos, P., and Dulaney, C. L. (1989). Memory for spatial
location in children, adults, and mentally retarded persons.Am. J. Ment. Retard.
93, 521–526.
Gathercole, S. E., and Alloway, T. P. (2006). Short-term and working memory
impairments in neurodevelopmental disorders: diagnosis and remedial support.
J. Child Psychol. Psychiatry Allied Discipl. 47, 4–15. doi: 10.1111/j.1469-
7610.2005.01446.x
Gathercole, S. E., and Baddeley, A. D. (1993). Phonological working memory: a
critical building block for reading development and vocabulary acquisition?
Eur. J. Psychol. Educ. 8, 259–272. doi: 10.1007/BF03174081
Gathercole, S. E., Hitch, G. J., Service, E., and Martin, A. J. (1997). Phonological
short-term memory and new word learning in children. Dev. Psychol. 33,
966–979. doi: 10.1037/0012-1649.33.6.966
Geary, D. C., Hoard, M. K., Byrd-Craven, J., and DeSoto, M. C. (2004).
Strategy choices in simple and complex addition: contributions of
working memory and counting knowledge for children with mathematical
disability. J. Exp. Child Psychol. 88, 121–151. doi: 10.1016/j.jecp.2004.
03.002
Holmes, J., Gathercole, S. E., and Dunning, D. L. (2009). Adaptive training leads
to sustained enhancement of poor working memory in children. Dev. Sci. 12,
F9–F15. doi: 10.1111/j.1467-7687.2009.00848.x
Jarrold, C., and Baddeley, A. D. (1997). Short-term memory for verbal and
visuospatial information in Down’s Syndrome. Cogn. Neuropsychiatry 2, 101–
122. doi: 10.1080/135468097396351
Jarrold, C., Baddeley, A. D., and Hewes, A. K. (1999). Genetically dissociated
components of working memory: evidence from Downs and Williams
syndrome. Neuropsychologia 37, 637–651. doi: 10.1016/S0028-3932(98)
00128-6
Jarrold, C., Baddeley, A. D., and Phillips, C. E. (2002). Verbal short-term memory
in Down syndrome: a problem of memory, audition, or speech? J. Speech Lang.
Hear. Res. 45, 531–544. doi: 10.1044/1092-4388(2002/042)
Jarrold, C., Thorn, A. S. C., and Stephens, E. (2009). The relationships among
verbal short-term memory, phonological awareness, and new word learning:
evidence from typical development and Down syndrome. J. Exp. Child Psychol.
102, 196–218. doi: 10.1016/j.jecp.2008.07.001
Jarvis, H. L., and Gathercole, S. E. (2003). Verbal and non-verbal working memory
and achievements on National Curriculum tests at 11 and 14 years of age. Educ.
Child Psychol. 20, 123–140.
Kay-Raining Bird, E., and Chapman, R. S. (1994). Sequential recall in
individuals with down syndrome. J. Speech Lang. Hear. Res. 37, 1369. doi:
10.1044/jshr.3706.1369
Klingberg, T., Fernell, E., and Olesen, P. J. (2005). Computerized training of
workingmemory in children with ADHD-a randomized, controlled trial. J. Am.
Acad. Child Adolesc. Psychiatry 44, 177–186. doi: 10.1097/00004583-200502000-
00010
Klingberg, T., Forssberg, H., and Westerberg, H. (2002). Training of working
memory in children with ADHD. J. Clin. Exp. Neuropsychol. 24, 781–791. doi:
10.1076/jcen.24.6.781.8395
Frontiers in Psychology | www.frontiersin.org 11 September 2015 | Volume 6 | Article 1331
Costa et al. Working memory training and Down syndrome
Kolkman, M. E., Kroesbergen, E. H., and Leseman, P. P. (2013). Early numerical
development and the role of non-symbolic and symbolic skills. Learn. Instruct.
25, 95–103. doi: 10.1016/j.learninstruc.2012.12.001
Kremen, W. S., Jacobsen, K. C., Xian, H., Eisen, S. A., Eaves, L. J., Tsuang,
M. T., et al. (2007). Genetics of verbal working memory processes: a twin
study of middle-aged men. Neuropsychol. 21, 569–580. doi: 10.1037/0894-4105.
21.5.569
Lanfranchi, S., Baddeley, A. D., Gathercole, S. E., and Vianello, R. (2012). Working
memory in Down syndrome: is there a dual task deﬁcit? J. Intellect. Disabil. Res.
56, 157–166. doi: 10.1111/j.1365-2788.2011.01444.x
Lanfranchi, S., and Carretti, B. (2012). The increase in colored progressive
matrices test performance in individuals with down syndrome: a qualitative
and quantitative review. J. Cogn. Educ. Psychol. 11, 143–158. doi: 10.1891/1945-
8959.11.2.143
Lanfranchi, S., Cornoldi, C., and Vianello, R. (2004). Verbal and
visuospatial working memory deﬁcits in children with Down
syndrome. Am. J. Ment. Retard. 109, 456–466. doi: 10.1352/0895-
8017(2004)109<456:VAVWMD>2.0.CO;2
Lanfranchi, S., Jerman, O., Pont, E. D., Alberti, A., and Vianello, R. (2010).
Executive function in adolescents with Down Syndrome. J. Intellect. Disabil.
Res. 54, 308–319. doi: 10.1111/j.1365-2788.2010.01262.x
Lanfranchi, S., Jerman, O., and Vianello, R. (2009).Workingmemory and cognitive
skills in individuals with Down syndrome. Child Neuropsychol. 15, 397–416.
doi: 10.1080/09297040902740652
Laws, G. (1998). The use of nonword repetition as a test of phonological memory
in children with Down syndrome. J. Child Psychol. Psychiatry 39, 1119–1130.
doi: 10.1111/1469-7610.00416
Laws, G. (2002). Working memory in children and adolescents with Down
syndrome: evidence from a colour memory experiment. J. Child Psychol.
Psychiatry 43, 353–364. doi: 10.1111/1469-7610.00026
Laws, G., MacDonald, J., and Buckley, S. (1996). The eﬀects of a short training
in the use of a rehearsal strategy on memory for words and pictures in
children with Down syndrome. Down Syndr. Res. Pract. 4, 70–78. doi: 10.3104/
reports.65
Marotta, L., Viezzoli, D., and Vicari, S. (2006). Le abilita‘ numeriche e di calcolo
nella Disabilita‘ Intellettiva [Number and calculation abilities in intellectual
disabilities]. Eta Evol. 83, 71–78.
Melby-Lervåg, M., and Hulme, C. (2013). Is working memory training eﬀective? A
meta-analytic review.Dev. Psychol. 49, 270–291. doi: 10.1037/a0028228
Olesen, P. J., Westerberg, H., and Klingberg, T. (2004). Increased prefrontal and
parietal activity after training of working memory. Nat. Neurosci. 7, 75–79. doi:
10.1038/nn1165
Parker, S. E., Mai, C. T., Canﬁeld, M. A., Rickard, R., Wang, Y., Meyer, R. E., et al.
(2010). Updated national birth prevalence estimates for selected birth defects
in the united states, 2004–2006. Birth Defects Res. Part A Clin. Mol. Teratol. 88,
1008–1016. doi: 10.1002/bdra.20735
Passolunghi, M. C., and Costa, H. M. (2014). Working memory and
early numeracy training in preschool children. Child Neuropsychol. doi:
10.1080/09297049.2014.971726 [Epub ahead of print].
Passolunghi, M. C., and Siegel, L. S. (2001). Short-termmemory, working memory,
and inhibitory control in children with diﬃculties in arithmetic problem
solving. J. Exp. Child Psychol. 80, 44–57. doi: 10.1006/jecp.2000.2626
Perneger, T. V. (1998). What’s wrong with Bonferroni adjustments. Br. Med. J. 316,
1236–1238. doi: 10.1136/bmj.316.7139.1236
Pickering, S. J. (2006). Working Memory and Education. New York: Academic
Press.
Porter, J. (1999). Learning to count: a diﬃcult task? Down Syndr. Res. Pract. 6,
85–94. doi: 10.3104/reports.99
Purser, H. R., and Jarrold, C. (2005). Impaired verbal short-term memory in Down
syndrome reﬂects a capacity limitation rather than atypically rapid forgetting.
J. Exp. Child Psychol. 91, 1–23. doi: 10.1016/j.jecp.2005.01.002
Raven, J., Raven, J. C., and Court, J. H. (1998). Coloured Progressive Matrices.
Oxford: Oxford University Press.
Redick, T. S., Shipstead, Z., Wiemers, E. A., Melby-Lervåg, M., and Hulme, C.
(2015). What’s working in working memory training? An educational
perspective. Educ. Psychol. Rev. 1–17. doi: 10.1007/s10648-015-9314-6
Rowe, J., Lavender, A., and Turk, V. (2006). Cognitive executive function inDown’s
syndrome. Br. J. Clin. Psychol. 45, 5–17. doi: 10.1348/014466505X29594
Schuchardt, K., Maehler, C., and Hasselhorn, M. (2008). Working memory deﬁcits
in children with speciﬁc learning disorders. J. Learn. Disabil. 41, 514–523. doi:
10.1177/0022219408317856
Sella, F., Lanfranchi, S., and Zorzi, M. (2013). Enumeration skills in Down
syndrome. Res. Dev. Disabil. 34, 3798–3806. doi: 10.1016/j.ridd.2013.07.038
Service, E., and Kohonen, V. (1995). Is the relation between phonological memory
and foreign language learning accounted for by vocabulary acquisition? Appl.
Psycholinguist. 16, 155–172. doi: 10.1017/S0142716400007062
Sherman, S. L., Allen, E. G., Bean, L. H., and Freeman, S. B. (2007). Epidemiology
of Down syndrome. Ment. Retard. Dev. Disabil. Res. Rev. 13, 221–227. doi:
10.1002/mrdd.20157
Shipstead, Z., Redick, T. S., and Engle, R. W. (2010). Does working memory
training generalize. Psychol. Belg. 50, 245–276. doi: 10.5334/pb-50-3-4-245
Shipstead, Z., Redick, T. S., and Engle, R. W. (2012). Is working memory training
eﬀective? Psychol. Bull. 138, 628. doi: 10.1037/a0027473
St Clair-Thompson, H., Stevens, R., Hunt, A., and Bolder, E. (2010). Improving
children’s working memory and classroom performance. Educ. Psychol. 30,
203–219. doi: 10.1080/01443410903509259
Steele, J. (1996). “Epidemiology: incidence, prevalence and size of the Down’s
syndrome population,” in New Approaches to Down Syndrome, eds B. Stratford
and P. Gunn (London: Cassell), 45–72.
Swanson, H. L., and Beebe-Frankenberger, M. (2004). The relationship between
working memory and mathematical problem solving in children at risk and
not at risk for serious math diﬃculties. J. Educ. Psychol. 96, 471–491. doi:
10.1037/0022-0663.96.3.471
Thorell, L. B., Lindqvist, S., Bergman Nutley, S., Bohlin, G., and Klingberg, T.
(2009). Training and transfer eﬀects of executive functions in preschool
children. Dev. Sci. 12, 106–113. doi: 10.1111/j.1467-7687.2008.00745.x
Van der Molen, M. J., Van Luit, J. E. H., Van der Molen, M. W., Klugkist, I.,
and Jongmans, M. J. (2010). Eﬀectiveness of a computerised working memory
training in adolescents with mild to borderline intellectual disabilities.
J. Intellect. Disabil. Res. 54, 433–447. doi: 10.1111/j.1365-2788.2010.01285.x
Vygotsky, L. (1978). Mind in Society: The Development of Higher Psychological
Processes. Cambridge, MA: Harvard University Press.
Xenidou-Dervou, I., Lieshout, E. C., and Schoot, M. (2014). Working memory
in nonsymbolic approximate arithmetic processing: a dual-task study with
preschoolers. Cogn. Sci. 38, 101–127. doi: 10.1111/cogs.12053
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or ﬁnancial relationships that could
be construed as a potential conﬂict of interest.
Copyright © 2015 Costa, Purser and Passolunghi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 12 September 2015 | Volume 6 | Article 1331
